In the previous study, we screened a novel lncRNA-ITGB2-AS1, which was down-regulated by bone morphogenetic protein 9 (BMP9) in breast cancer cell. Studying ITGB2-AS1 will lay the foundation for the exploring mechanism of the BMP9 inhibitory effect on breast cancer. The expression analysis related to ITGB2-AS1 in clinical samples was conducted on online websites. The overexpression plasmid or siRNA fragment was transfected into breast cancer cells to alter its gene expression. The MTT assay and flow cytometry were used to measure cell viability and cell cycle. Additionally, cell migration and invasion were detected by wound healing and transwell assay. The results of biological function experiments showed that ITGB2-AS1 could promote the migration and invasion of breast cancer. Furthermore, ITGB2-AS1 increased the mRNA and protein expression of ITGB2. Consistent with ITGB2-AS1, ITGB2 exerted the promotion effect on the migration and invasion of breast cancer and activated integrin-related FAK signaling. The OL plasmid expressing the truncation of ITGB2-AS1, which was complementary to ITGB2, was essential for activation of FAK signaling. In conclusion, LncRNA ITGB2-AS1 could promote the migration and invasion of breast cancer cells by up-regulating ITGB2.
Introduction
Cancer is the second leading cause of death after cardiovascular diseases [1] , and the incidence of cancer has steadily increased over the years. Breast cancer is the most common malignant disease in women all over the world [2, 3] . Although the incidence in China, the largest developing country, was not as high as other high-resource countries historically [4] , the mortality of breast cancer remained higher level [5] because of poor diagnostic rates, lack of mammography screening programme [6] , and treatment options being unavailable. All these factors may contribute to cancer metastasis and a lower 5-year survival. Emerging evidence implicates inflammation and obesity in cancer progression and distant metastasis [7, 8] . However, there is a long way to go to complete our understanding of breast cancer due to the heterogeneity of tumor patients. According to the expression of its estrogen, progesterone, and Her2 receptor, breast cancer can be divided into four subgroups: luminal A-ER positive, PR positive, and Her2 negative; luminal B-ER positive, PR positive, and Her2 positive; Her 2 phenotype-ER negative, PR negative, and Her2 positive; and triple negative phenotype-ER negative, PR negative, and Her2 negative. Recent developments in personalized medicine and immunotherapy [9] have increased the recovery and survival rate to some extent, but we still need to spend a long time in searching for more effective treatment or medicine to cure breast cancer totally.
Bone morphogenetic protein 9 (BMP9), also named growth differentiation factor 2, is a member of the transforming growth factor-β subfamily [10] . It has been confirmed that BMP9, a potent osteogenetic factor, plays various roles in cancers. For example, BMP9 can inhibit the growth of lung adenocarcinoma [11] , colon cancer [12] , and osteocarcinoma [13] , but exert a promotion effect on the proliferation and migration of liver cancer cell [14] . Additionally, in our previous research, we have found that BMP9 can inhibit the proliferation and migration of the breast cancer cell lines MDA-MB-231 [15] and SK-BR-3 [16] . However, the mechanism concerning the inhibition effect of BMP9 on breast cancer cells is not thoroughly understood. LncRNA (long, non-coding RNA), a class of RNA with a length greater than 200nt that does not have a protein coding function, is reported to regulate gene expression in diverse ways [17, 18] . To delineate the mechanism of BMP9 on the breast from the perspective of lncRNA, we compared the differences in lncRNA expression between MDA-MB-231 cell transfected with BMP9 and GFP adenovirus. After screening with the gene chip and further validation with quantitative PCR, it has been proved that BMP9 could decrease the expression of ITGB2-AS1 significantly, so ITGB2-AS1 was chosen as research subject. In this article, we firstly measured the effect of ITGB2-AS1 on breast cancer cell in vitro. In terms of mechanism, the relationship between ITGB2-AS1 and ITGB2 was determined by database analyses and cell experiments. Because the FAK signaling is the first pathway activated by the integrin family, we measured the phosphorylation of FAK protein. The aim of this paper is to elucidate the influence of lncRNA ITGB2-AS1 on breast cancer firstly, which will lay the foundation for studying the mechanism of the BMP9 inhibitory effect on breast cancer in the future.
Results

The Expression Analysis of ITGB2-AS1 on Online Database
From the UCSC genome browser, it can be shown that ITGB2-AS1 was located in complementary strand to ITGB2 gene on chromosome 21. However, there was no thorough paper about ITGB2-AS1, except that ITGB2-AS1 was reported to have high co-expression with multiple cancer genes (IKZF1, LCK, and WAS) [19] . To identify the relationship between ITGB2-AS1 and breast cancer, we first analyzed the expression difference of ITGB2-AS1 in breast cancer clinical specimen database. On the one hand, 2.4% of 2059 samples had a higher expression of ITGB2-AS1 in METABRIC breast cancer sub-database on cBioPortal online website [20] [21] [22] , and higher expression group had a poorer overall survival rate (p < 0.05). On the other hand, the expression of ITGB2-AS1 in ER, PR negative samples was higher significantly than that in ER, PR-positive samples in TCGA-BRCA sub-database [23, 24] in TANRIC online website ( Figure 1D ,E). Additionally, there were different expressions of ITGB2-AS1 in five pathological types of breast cancer shown in Figure 1F (p < 0.001). Taken together, these data suggested that ITGB2-AS1 may accelerate the progression of breast cancer. 
Overexpression of ITGB2-AS1 Could Promote the Migration and Invasion of MCF-7 Cell
Due to the expression differences between MCF-7 and MDA-MB-231 cell (Figure 2A ), we firstly transfected overexpression plasmid of ITGB2-AS1 into MCF-7 cell. The transfection efficiency was verified in Figure 2B by Q-PCR (quantitative PCR). From the data of MTT assay in Figure 2C , it is apparent that there was no significant differences in proliferation after plasmid transfection. Unsurprisingly, result of flow cytometry in Figure 2D showed no significant distinction of cell cycle compared to control and overexpression group. However, the migration rate of overexpression group measured by wound healing assay was higher than control group ( Figure 2E ). In transwell assay, there were more invasive cells of overexpression group than control group. These data showed that higher expression of ITGB2-AS1 will enhance cell migration and invasion in breast cancer. 
Knock-Down of ITGB2-AS1 Exerted Inhibitory Effect on Breast Cancer
Next, we transfected the siRNA against ITGB2-AS1 to knock-down its expression in MDA-MB-231 cell. Figure 3A reveals that the siRNA successfully decrease the expression of ITGB2-AS1. Figure 3B ,C shows that ITGB2-AS1 had no effect on cell viability and cycle. However, the migration rate of siITGB2-AS1 group was significantly less than siNC group, confirming that ITGB2-AS1 can enhance cell migration. In accordance with previous research, the invasive cell number of siITGB2-AS1 group was also less than siNC group. In summary, all these data indicated that ITGB2-AS1 exerted promotion effect on migration and invasion of breast cancer cell again from the opposite perspective. Data are shown as mean ± SD. * p < 0.05, ** p < 0.01, *** p < 0.001 vs. control groups.
There Is a Positive Correlation between the Expression of ITGB2-AS1 and ITGB2
To further investigate the mechanism of this promotion effect, we first studied the relationship between ITGB2-AS1 and ITGB2 in view of its special position on chromosome. As shown in Figure 4A (BRCA sub-database in GEPIA website,) [25, 26] and Figure 4B (TCGA-BRCA sub-database in TANRIC website [22] ), their expression in clinical samples had a positive correlation. The result of PCR and Western blotting revealed that overexpression of ITGB2-AS1 can increase the mRNA and protein level of ITGB2 in MCF-7 cell. Taken together, these results provide important insights into mechanism under promotion effect of ITGB2-AS1. 
Overexpression of ITGB2 also Could Facilitate the Migration and Invasion of MCF-7 Cell
It has been reported that ITGB2 belongs to integrin family, which was closely related to various tumor growth and metastasis. However, the previous research of ITGB2 focused on its effect in leukocytes. To evaluate its effect on breast cancer cell, we constructed ITGB2 plasmid to transfect MCF-7 cell. As can be seen from the data in Figure 5A , the protein expression level was increased significantly after plasmid transfection. Although ITGB2 did not affect cell cycle distribution ( Figure 5B) ; it can enhance cell migration and invasion measured by wound healing and transwell assay ( Figure 5C,D) . In addition, ITGB2-AS1 overexpression could activate the ITGB2-related FAK signaling and increase the expression of MMP9, a protein related to invasion. Thus, these results show that ITGB2-AS1 could promote the migration and invasion of breast cancer cell by up-regulating ITGB2. 
The OL Fragment Plays a Critical Role in the Promotion Effect of ITGB2-AS1 on MCF-7 Cell
As shown in UCSC genome browser, there are 231 bases in the ITGB2-AS1 sequence paired with ITGB2 gene according to principle of complementary base pairing. Accordingly, we constructed segmented plasmid of ITGB2-AS1 to detect the effect of this complementary sequence. From the illustration in Figure 6A , the plasmid containing only complementary sequences was named as pc3.1+/OL, and plasmid containing the rest of the sequence was named as pc3.1+/NOL. The result of western blotting suggested pc3.1+/OL plasmid could activate FAK signaling effectively ( Figure 6B ). These findings indicated that OL fragment plays an important role in promotion effect of ITGB2-AS1 on breast cancer cell. 
Discussion
Patients with advanced breast cancer often have distant organ metastases, such as bone and lung [27] . Additionally, breast cancer patients with bone metastases are always accompanied by osteolytic lesions, which usually cause bone fractures. Due to its osteogenesis, BMP9 has a promising future as a drug for bone fractures. Additionally, in our previous study, BMP9 could inhibit proliferation and migration of breast cancer in bone microenvironment, which provides a clue for combination medication for advanced breast cancer patients accompanied by bone fracture. Therefore, research about inhibitory effect of BMP9 on breast cancer has important clinical significance.
As is well-known, although lncRNA does not encode protein, it can regulate protein expression in various ways. For example, H19 can act as transcription precursor of miRNA [28] or directly bind to miRNA [29] . NKILA can form a ternary complex with the NF-κB/IκBα complex by direct binding to the P65 subunit, thereby affecting the phosphorylation of the NF-κB-related pathway and its mediating breast cancer metastasis [17] . Overexpression of HOTAIR in breast cancer cell lines promotes its proliferation, migration, and invasion [30] . High-expressed UCA1 can recruit more cytoplasmic hn-RNP1 (heterogenous nuclear ribonucleoprotein I) to bind with it, thus competitively inhibiting the binding between hn-RNP1 and p27 mRNA, which will result in a decrease in the expression level of p27 protein and the blocking of the cell in G1 phase [31] . Even one lncRNA can regulate the expression of multiple proteins in a variety of ways. Therefore, it is a wise choice to elucidate BMP9 inhibitory effect on breast cancer from the view of lncRNA.
In our previous research, it has been screened that BMP9 could decrease the expression of ITGB2-AS1 significantly in MDA-MB-231 and MCF-7 cell line [32] . However, it is still unknown if ITGB2-AS1 can alter breast cancer development and progress. To predict its function, we analyzed the expression of ITGB2-AS1 in clinical samples on online website. The result suggested that ITGB2-AS1 may enhance breast cancer development.
Next we verified our prediction in vitro. After transfection with plasmid or siRNA, there was no alteration in cell viability and cell cycle. However, ITGB2-AS1 had promotion effect on migration and invasion of breast cancer, which means it may accelerate cancer progress. On one hand, it has been reported that antisense lncRNA could regulate protein expression of complementary gene [33] [34] [35] .
On the other hand, the phenotype ITGB2-AS1 behaved similarly to the integrin family. So we studied the relationship between ITGB2-AS1 and ITGB2 to investigate its underlying mechanism. There was positive correlation between ITGB2-AS1 and ITGB2 in breast cancer database. Additionally, ITGB2-AS1 could increase ITGB2 protein level in MCF-7 cell. On the basis of proof that ITGB2 facilitated cell migration and invasion, it had been confirmed that ITGB2-AS1, as well as ITGB2, could activate phosphorylation of FAK protein and increase secretion of MMP9. In addition, the turncation of ITGB2-AS1 that is complementary to ITGB2 plays a critical role in activating FAK signaling. The reason why ITGB2-AS1 has no effect on cell proliferation may be that the integrin family directly affects cell movement by interacting with the extracellular matrix (ECM). Therefore, the effect on cell proliferation may be too slight to detect obvious difference in vitro experiment.
In summary, all these data show that ITGB2-AS1 could promote cell migration and invasion through up-regulating ITGB2. However, above results have not been confirmed in vivo so far. Accordingly, the next plan is confirmation of these results in animals and delineating the relationship between BMP9 and ITGB2-AS1.
Materials and Methods
Cell Line and Cell Culture
Human breast cell line MDA-MB-231 and MCF-7 were purchased from American Type Culture Collection (ATCC) and cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin. All cells were cultured at 37 • C incubator under humidified atmosphere with 5% CO 2 .
Online Database cBioPortal website:
select studies-breast cancer (METABRIC, Nature 2012 & Nat. Commun. 2016); enter genes-ITGB2-AS1; for the remaining parameters, keep the initial settings, then click on "submit query".
TANRIC website: select "my lncRNA" district; select a cancer type: TCGA breast invasive carcinoma (BRCA); query annotation-input ITGB2-AS1, then click on "submit" button.
RNA Isolation
Cells were treated with corresponding plasmid or siRNA for 48 h. Total RNA was isolated with TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according to manufacturer's protocol. 1.0 µg RNA was used for cDNA synthesis by reverse transcriptase PCR. The cDNA was detected by a real-time polymerase chain reaction (qPCR) system (Bio-Rad Laboratories, Hercules, CA, USA) using SYBR-Green PCR Master Mix (TaKaRa Co., Dalian, China). After pre-denaturation at 94 for 30 s, the reaction was cycled 40 times in the following way: denaturation at 94 • C for 10 s, annealing at 59 • C for 20 s, and extension at 72 • C for 20 s. β-actin was used as the endogenous control, and sequences of specific primer for ITGB2-AS1 ITGB2 and β-actin were shown in Table 1 . 
Plasmid Transfection
The plasmids for pcDNA-3.1+,pc3.1+/ITGB2-AS1, pc3.1+/OL, and pc3.1+/NOL were purchased and sequenced in Genscript Co., Ltd. (Nanjing, China). The cDNA for ITGB2 fragment was integrated into pcDNA-3.1+ vector and verified by sequencing in Genescript. The plasmids were transfected into MCF-7 cell using Lipotectime 2000 according to manufacturer's instruction.
siRNA Transfection
The siRNA pool against ITGB2-AS1 and negative control (NC) was synthesized from Shanghai GenePharma, Co., Ltd. (Shanghai, China). The sequences were shown in Table 2 . The MDA-MB-231 cell was seeded into 6-well plate overnight and then transfected siRNA duplexes with R4000 reagent according to manufacturer's instructions. 
Western Blotting
The total protein was isolated with RIPA lysis (Beyotime Institute of Biotechnology, Shanghai, China) according to manufacturer's protocol 200 µg protein of each group was loaded in SDS-PAGE polyacrylamide gels and then transferred onto PVDF membranes. The PVDF membranes were blocked with 5% bovine serum albumin (Beijing Solarbio Science and Technology, Co., Ltd., Beijing, China) in TBST for 2 h at 37 • C. Then, the membranes were incubated with corresponding primary antibodies overnight at 4 • C. The following primary antibodies were used in the present study: monoclonal rabbit: anti-MMP9, anti-p-FAK (1:5000; Abcam, Cambridge, MA, USA); polyclonal rabbitanti-ITGB2, anti-FAK (1:500; Wanleibio Co., Ltd., Beijing, China), monoclonal mouse anti-β-actin (1:1000; Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd., Beijing, China). The membranes were washed with TBST three times and incubated with a secondary antibody (1:5000; Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd., Beijing, China) for 1 h at 37 • C.
MTT Assay
Cell viability was detected by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay. A total of 4 × 103 cells were seeded into each well of 96-well plates in quintuplicate and cultured for indicated time. 10 µL of MTT (5 mg/mL; Sigma-Aldrich, St. Louis, MI, USA) was added into each well and then incubated for 4 h at 37 • C. Next, 150 µL of dimethyl sulfoxide (DMSO) was added to the 96-well plates. Finally, the absorbance was measured at 492 nm on a microplate reader. The overall experiments were repeated at least three times.
Flow Cytometry
Cells (1 × 106) from each group were harvested and washed thrice with cold PBS, followed by fixation with 70% cold ethanol at 4 • C overnight. After being washed in PBS, the cells were incubated with propidium iodide (PI; Sigma-Aldrich) and RNaseA for 30 min at room temperature. The cell cycle distribution was measured by a FACSVantage SE flow cytometer (Becton-Dickinson, San Jose, CA, USA).
Wound Healing Assay
After 6 h of transfection, or when the degree of fusion reached 95% or more, 10 µL of a small pipette tip was used to draw a line in the middle of a six-well plate. After washing with PBS, 2 mL of a double-free medium was added and photographed. This time was recorded as 0 h. After 48 h, photos were taken at the same position in each group of cells, and the distance between each group was calculated using Adobe Illustrator software at 0 h and 48 h, and the rate of scratch healing was calculated. Scratch healing rate = (0h width of scratch − 48 h width of scratch)/0 h width of scratch × 100%.
Transwell Chamber Assay
Transwell chambers (24-wellTranswell chambers, 8-µm pore size; Corning, Inc., Corning, NY, USA) were used for invasion assays. The transwell membrane was coated with 1:4 diluted Matrigel at advance. The cells after infection for 48 h were resuspended by serum-free media and cell number was adjusted to 10 5 /mL. 200 µL cell suspension was seeded into upper chambers. The lower chamber contained medium with 10% FBS. Following 24-h incubation, the cells that invaded the lower surface of the chamber were fixed with 4% paraformaldehyde, stained with 0.1% crystal violet, and counted from five random fields by bright field microscopy. Each experiment was repeated thrice.
Statistical Analysis
All the experiments were repeated three times and analyzed with GraphPad Prism (Prism 5.0, GraphPad Software, San Diego, CA, USA). The student's t-test was used to evaluate the differences between two groups. The p < 0.05 was considered statistically significant. * p < 0.05, ** p < 0.01, *** p < 0.001. 
